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(57) [Abstract] 

[Problems to be Solved by the Invention] 

capacitance change quantity of capacitative type sensor is 
increased, improvement of sensitivity is assured. 

[Means to Solve the Problems] 

Framework 2, weight 3, joist 4, movable electrode 15 and 
fixed electrode 1 6 etc are formed in silicon substrate 1 1 the 
movable electrode 1 5 and fixed electrode 16 in order to be 
connected mutually, as it forms in comb teeth condition, form 
relief in electrode surface, and perpendicular direction try the 
capacitance change quantity which from each comb teeth 



Page 3 Paterra Instant MT Machine Translation 



PACE 16/28 * RCVD AT 1/2 8/20 04 8:54:36 PM [Eastern Standard Time] * SVR:USPTO-EFXRP-1/0 * DNIS:8729306 ' C SID: 707 591 0392 * DURATION (mm-ss>:09-26 



JRN 28 2004 5:57PM PRTEMT RTTORMEY 



707-591 -0392 



p. 17 



JP2000266777A 



2000-9-29 




CM 







lilllliill 


ami 



corresponds to quantity of relief to be acquired. 

With Figure 1 3 forming convex portion, just capacitance 
change fraction (3:de c ) of 3 times havetried to increase. 
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Claims 
[IS** 3] 



[Claim(s)] 
[Claim 1] 

To have comb teeth condition counterelectTode of one pair 
which consists of the electroconductivity or semiconductor 
material which includes single crystal silicon at least, with the 
relative displacement of each pair direction electrode 
electrode surface area changing, electrostatic capacitance in 
capacifcative type sensor which changes, 

When counterelectrode displacement does relatively 
furthermore by forming the uneven part in aforementioned 
each comb teeth condition counterelectrode, electrode surface 
area change quantity is increased capacitattve type sensor 0 
which is made feature 

[Claim 2] 

uneven part of plural is formed in aforementioned electrode 
surface and the perpendicular direction capacitative type 
sensor e which is stated in Claim 1 which is made feature 

[Claim 3] 
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comb teeth condition electrode is formed in active layer 
making use of the SOIsilicon substrate as electroconductivity 
or semiconductor material which includes aforementioned 
single crystal silicon, capacitative type sensor© which is 
stated in Claim 1 which is madefeature 

[Claim 4] 

uneven part of plural is formed in substrate thickness 
direction of theaforementioned electrode capacitative type 
sensor 0 which is stated in Claim 1 which is made feature 

[Claim 5] 

R part is formed in concavity machined surface of 
aforementioned comb electrode and the corner portion of 
side wall capacitative type sensor*, which is stated in Claim 4 
which is made feature 



[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

This invention regards capacitative type sensor which uses 
metal or single crystal silicon substrate as substrate material. 

[0002] 
[Prior Art] 

Those which are shown in for example Figure 6 as 
capacitative type sensor which uses single crystal silicon of 
this kind, are known generally. 

single crystal silicon substrate 1, framework 2 which supports 
part, has consisted of movable electrode 5, and this movable 
electrode 5 and is formed alternately fixed electrode 6 etc 
whichfrom joist 4 * weight 3 which supports this weight 3 of 
weight 3„ which displacement is done are formed to comb 
teeth condition with acceleration or other physical amount . 

movable electrode 5 and fixed electrode 6 of comb teeth 
condition pair it is in the principle , it is good, but multiple 
pairs it is provided generally. 

[0003] 

[Problems to be Solved by the Invention] 

But, as description above, as description below there is a 
problem in capacitative type sensor which has comb teeth 
condition electrode which consists of the single crystal 
silicon. 

It forms capacitor with portion which opposes for example 
comb electrode lespectivelyconcerning, with fixed electrode 
of one and portion where movable electrode opposes, this, 
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way it shows in initial capacity Co and Figure 6 (c ) of kindof 
one which is shown in Figure 6 (d ), when movable electrode 
displacement doing, it means to have capacitance change 
quantitative: de C of one which is acquired. 

[0004] 

Because of this, capacitance change quantitative :de C was 
increased from objective etc of sensitivity improvement to be, 
when, it is necessary toincrease quantity of comb teeth, or to 
increase displacement of movable electrode. 

But, when quantity of comb teeth is increased, in order to take 
the space largely, chip size must be enlarged. 

In addition, to increase displacement, joist must be made thin, 
the impact resistance becomes bad. 

Therefore, as for problem of this invention, capacitance 
change quantitative :de C per comb teeth condition electrode 
one is increased withoutchanging dimension of chip size and 
joist, from it is to offer the highly sensitive capacitative type 
sensor. 

[0005] 

[Means to Solve the Problems] 

In order to solve this kind of problem, with invention of 
Claim 1, to have comb teeth condition counter electrode of one 
pair which consists of the electroconductivity or 
semiconductor material which includes single crystal silicon 
at least, with the relative displacement of each pair direction 
electrode electrode surface area changing, electrostatic 
capacitance in capacitative type sensor which changes, When 
counterelectrode displacement does relatively furthermore by 
forming the uneven part in aforementioned each comb teeth 
condition counterelectrode, electrode surface area change 
quantity is increased makes feature, 

[0006] 

At time of inventing above-mentioned Claim 1, forms uneven 
part of plural in aforementioned electrode surface and 
perpendicular direction to bepossible, (Invention of Claim 2 ), 
forms comb teeth condition electrode in active layer making 
uscof SOIsilicon substrate or as electroconductivity or 
semiconductor material which includes theaforementioned 
single crystal silicon, to be possible (Invention of Claim 3 ), 
or uneven part of the plural can be formed in substrate 
thickness direction of aforementioned electrode (Invention of 
Claim 4 ). 

In addition, R part can be formed in concavity machined 
surface of theaforementioned comb electrode and comer 
portion of sidewall at time ofmvecting this Claim 4, 
(Invention of Claim 5 ). 
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[0007] 

relief is formed in namely, comb electrode, small 
counterelectrode large number is formedin comb teeth of one, 
improvement of sensitivity is assured due tofact that equal to 
quantity of relief generates capacitance change quantitative :de 
C. 

In addition, it is possible to form slit in comb electrode as the 
relief. 

[0008] 

[Embodiment of the Invention] 

As for Figure 1 with configuration diagram which shows first 
embodiment of thisinvention, as for same Figure (a ) as for 
top view* (b ) as for sectional views (c )as for state 
explanatory diagram* (d ) at time of movable electrode nan 
displacement it is a state explanatory diagram at time of 
movable electrode displacement. 

With same Figure, thickness framework 2, weight 3, joist 4, 
movable electrode 15 and fixed electrode 16 areformed in 
same way as Figure 6 in this making use of silicon substrate 1 
offer example several hundredjmu m, capacitor which 
designates portion where each electrode 15,16 opposes as 
electrode is formed, but furthermore, point whichin respective 
electrode formed uneven part in electrode surface and 
perpendicular direction isfeature. 

Because of this, in comb teeth of one equal to amounts of 
thequantity of relief it means that capacitance change is 
acquired. 

Showing this Figure 1 (c ), with (d ), just 3 X:de C hasshown 
example when capacitance change quantity is increased by 
forming the for example 3 convex portion in comb teeth of 
one. 
[0009] 

As for Figure 2 with configuration diagram which shows 
second embodiment of thisinvention, as for same Figure (a ) 
as for top view^ (b ) it is a sectional view. 

As for difference of Figure 1, point which uses SOI 
(Precipitating silicon on insulator, on that those which 
produce the device making use of silicon. ) silicon substrate 
2 1 for substrate, in addition, it is not to use substrate thickness 
entirety, as movable electrode 25 and fixed electrode 26 as 
shown in same Figure (b ), it is something which ittriesto use 
only layer which is called active layer of SOIsilicon substrate 
21. 

Now, amount processing where comb electrode part becomes 
thin becomes easy, from can make microscopic structure. 
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In addition, also it becomes possible to increase quantity of 
relief. 

[0010] 

As for Figure 3 with configuration diagram which shows 
embodiment of third ofthis invention, as for same Figure (a ) 
as for top view* same Figure (b ) as for the a-a&apos; 
sectional view* same Figure (c ) as for b-b&apos; sectional 
view* same Figure (d ) as for state explanatory diagram, 
(e ) at time of the movable electrode non displacement 
movable electrode is state explanatory diagram at time of 
displacement similarly. 

In order here similarity to Figure 1, thickness framework 2, 
for the weight 3 3 joist 4, movable electrode 35 and fixed 
electrode 36 to be connected alternately in this making use of 
silicon substrate 1 of for example several hundred;mu m, it is 
formed by comb teeth condition, itforms capacitor which 
designates portion which opposes as eIectrode,but point which 
in each electrode formed uneven part (slit ) in thickness 
direction of electrode plats is feature. 

[0011] 

As description above configuration doing, equal to amounts 
of quantity© f relief capacitance change is acquired in comh 
teeth of one. 

microscopic structure which with conventional RIE (reactive 
ion etching: reactive ion etching ) processing and wet etching 
etc was notpossible this lime, vertical Fukabori J>) by using 
fabrication technology with the for example plasma etching , 
use substrate of thickness 200-1,000 ;mu m can be formed. 

[0012] 

Figure 4 with configuration diagram which shows 
embodiment of 4 th of thisinvention, has shown modified 
example of Figure 3. 

As been clear even from Figure 4 (d ) which expands C part 
of the namely, Figure 4 (c ), avoiding centralization of stress 
by forming the R in processing bottom surface and corner (On 
sensor attaching base of joist and comb electrode ) of 
sidewall, it issometbing which it makes structure which is 
strong in impact 

As for other things being same as Figure 3, therefore, the 
Figure 4 (a ), also (b ) and (c ) has become completely same 
as the Figure 3. 

sensor chip example as completed product is shown in Figure 
5. 

Because this, when it is like especially Figure 2, is state where 
fixed electrode has floated, state which locks electrode 44 
which inchidesthis fixed electrode in upper part glass 41 has 
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been shown. 

Furthermore, as for 42 as for bottom glass, 43 silicon part 
framework, as for 45 weight is shown. 

[0013] 

[Effects of the Invention] 

According to this invention, because it tried to form uneven 
part ineach of comb electrode, capacitance change 
quantitative: de C can be increascdwithout decreasing 
capacitance change (:de C/Co ). 

Because of this, without changing chip size, from you obtain 
the highly sensitive electrostatic capacitance sensor, benefit 
that is acquired becomes possible. 

In addition, while sensitivity is maintained chip size is made 
small, itis possible , obtains highly sensitive electrostatic 
capacitance sensor with low cost benefit thatis acquired 
becomes possible. 

[Brief Explanation of the Drawing(s)] 
[Figure 1] 

It is a configuration diagram which shows first embodiment 
of this invention. 

[Figure 2] 

It is a configuration diagram which shows second 
embodiment of this invention. 

[Figure 3] 

It is a configuration diagram which shows embodiment of 
third of this invention. 

[Figure 4] 

It is a configuration diagram which shows embodiment of 4 th 
of this invention. 

[Figure 5] 

Ab completed product it is a sectional view which shows 
sensor chip example. 

[Figure 6] 

It is a configuration diagram which shows Prior Art Example. 

[Explanation of Symbols in Drawings] 

1 

silicon substrate 
15 

movable electrode 
16 
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fixed electrode 
2 

Framework 
21 

SOI substrate 
25 

movable electrode 
26 

fixed electrode 
3 

weight 
35 

movable electrode 
36 

fixed electrode 
4 

joist 
41 

upper part glass 
42 

bottom glass 
43 

Framework 
44 

electrode 
45 

weight 
5 

movable electrode 
6 

fixed electrode 
[Figure 5] 
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[Figure 3] 
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[Figure 6] 
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